Objective: Clinical studies show that the incidence of postoperative wound complications is higher in smokers than nonsmokers. In this study, we evaluated the effect of abstinence from smoking on incisional wound infection. Methods: Seventy-eight healthy subjects (48 smokers and 30 neversmokers) were included in the study and followed for 15 weeks. In the first week of the study, the smokers smoked 20 cigarettes per day. Subsequently, they were randomized to continuous smoking, abstinence with transdermal nicotine patch (25 mg per day), or abstinence with placebo patch. At the end of the first week and 4, 8, and 12 weeks after randomization, incisional wounds were made lateral to the sacrum to excise punch biopsy wounds. At the same time identical wounds were made in 6 never-smokers. In 24 neversmokers a wound was made once. All wounds were followed for 2 weeks for development of wound complications. Results: A total of 228 wounds were evaluated. In smokers the wound infection rate was 12% (11 of 93 wounds) compared with 2% (1 of 48 wounds) in never-smokers (P Ͻ0.05). Wound infections were significantly fewer in abstinent smokers compared with continuous smokers after 4, 8, and 12 weeks after randomization. No difference between transdermal nicotine patch and placebo was found.
S mokers who undergo general and orthopedic surgery have a higher incidence of wound infections than nonsmokers. [1] [2] [3] The proposed mechanism is a detrimental effect of smoking on tissue oxygen, [4] [5] [6] [7] [8] which impairs the reparative processes of wound healing and the neutrophil defense against surgical pathogens. [9] [10] [11] [12] Clinical studies show that wound hypoxia predicts wound infection, 13 and that perioperative supplemental oxygen increases tissue oxygen tension and decreases incisional wound infection. 14, 15 Recently, a study found that smoking intervention before hip and knee alloplasty reduces postoperative wound infections. 16 We hypothesized that smoking abstinence enhances wound healing and decreases the risk of infection. Accordingly, we aimed to identify the optimal period of abstinence from smoking by evaluating wounds in habitual smokers applied during smoking and after 4, 8, and, 12 weeks of abstinence, and in addition, to test the effect of transdermal nicotine patch versus placebo.
MATERIALS AND METHODS
Seventy-eight healthy subjects between 18 and 40 years of age were included in the study after obtaining written informed consent according to the Helsinki II declaration. Forty-eight were smokers with a history of smoking 20 cigarettes per day for at least 2 years and 30 never-smokers were control subjects. Subjects were matched for gender between both groups and similar age was aimed (Table 1) . Exclusion criteria were chronic medical disease, atopic dermatitis or other skin disease, pregnancy, menopause, allergy to local anesthetics, dressing, or patches, and current or recent medication with corticosteroids, NSAID, or aspirin. The Ethical Committee of Copenhagen approved the study (KF 02-037/00).
The study period covered 15 weeks. During the first week smokers smoked 20 filter cigarettes per day (Red Prince, Scandinavian Tobacco Company A/S, Copenhagen, Denmark). From the second week, they were randomized to continuous smoking (20 cigarettes per day), smoking abstinence with transdermal nicotine patch (15 mg/16 h plus 10 mg/16 h, Nicorette, Pharmacia & Upjohn A/S, Copenhagen, Denmark), or smoking abstinence with placebo patch. Each subgroup comprised 8 women and 8 men.
A total of 4 sutured incisional wounds were made to excise a 5-mm full-thickness punch biopsy wound, which had been made lateral to the sacrum 7 days earlier as a wound healing model. 17 The first wound was made at the end of the first week of smoking and the subsequent wounds 4, 8, and, 12 weeks after randomization to either treatment. The first and third wounds were made to the right of the sacrum and the second and fourth made to the left of the sacrum. In the control group identical wounds were made at the same time in 6 never-smokers, whereas a wound was made once in the remaining 24 never-smokers.
Under local anesthesia with 20 mL 1% mepivacaine with adrenalin and after surgical disinfection with 0.5% ethanol-chlorhexidine liniment, the biopsy wound was excised by 2 curved incisions producing an elliptical wound 15-to 18-mm long and 8-to 10-mm wide. The wound was sutured with Ethilon 4-0 nonabsorbable suture or intradermally with Vicryl Rapid 3-0 absorbable suture (Ethicon, Norderstedt, Germany). Nonabsorbable wound sutures were removed 10 days after excision.
All wounds were followed for 2 weeks and complications were recorded. A surgeon and a wound-healing expert unaware of the subjects' group assignment evaluated the wounds clinically. A wound infection was defined according to the National Prevalence Survey study group as purulent discharge with or without wound dehiscence or painful, hot extending erythema indicative of cellulitis. 18, 19 A wound rupture was defined as a complete separation of wound edges without signs of infection. All wound infections were treated with Dicloxacillin for 5 days. Wound ruptures healed on second intention.
Before excision of biopsy wounds, peripheral venous blood was drawn in potassium-EDTA test tubes to determine hemoglobin and neutrophil count and in heparin test tubes to determine carboxyhemoglobin and plasma cotinine. Hemoglobin and carboxyhemoglobin were determined by an ABX Pentra 120 and an ABL 700, respectively (Radiometer A/S, Copenhagen, Denmark). Neutrophil count level was determined by a Technicon cell counter (Technicon, NY, US), and cotinine level was determined by a HP 5890A gas chromatograph (USA). A CO breath test (MicroSmokerlyzer, Bedfont Instruments, UK) in all smokers was recorded twice a week as well as use of nicotine patches by those randomized to abstinence.
Comparison between groups was performed with Fisher's exact test for binary data. Unpaired and paired continuous data was analyzed with Student t-test or Mann-Whitney U test depending on the distribution. Effect of transdermal nicotine patch was estimated by Fisher's exact test or by one-factor analysis of variance (ANOVA). The level of statistical significance was set at P Ͻ0.05.
RESULTS
Seventy-four of 78 subjects (95%) completed the study. Four smokers withdrew of whom 1 was randomized to continuous smoking and 3 were randomized to abstinence. The carboxyhemoglobin level was higher in smokers compared with never-smokers (Table 1) . After 4 weeks of abstinence carboxyhemoglobin level fell to a minimum in abstinent smokers compared with the period with smoking (P Ͻ0.05) ( Table 2) . Similar results were found with CO breath tests (data not shown). Likewise, the cotinine level was lower in the abstinent group. When comparing the group randomized to nicotine patch to the placebo group, the latter had a lower cotinine level after 4 weeks (180 [range, The neutrophil count was higher in smokers than in those who never smoked ( Table 1 ). After 4 weeks of abstinence, the neutrophil count declined by 17% (P Ͻ0.05), irrespective of transdermal nicotine patch or placebo, and remained reduced throughout the study ( Table 2 ). In contrast, hemoglobin level was not affected by smoking or abstinence.
The total wound infection rate in smokers was 12% compared with 2% in never smokers (P Ͻ0.05) ( Table 3) . After 4 weeks of randomization wound infections were significantly fewer in the abstinent smokers' group compared with the group of continuous smokers (Table 4 ). Similar differences were found after 8 and 12 weeks of randomization. The total wound infection rate in abstinent smokers was 1% (P Ͻ0.05) when compared with smokers).
Wound ruptures occurred in 12% of the smokers compared with none in never-smokers (P Ͻ0.05). No difference between abstinent smokers and continuous smokers was found after 4, 8, or 12 weeks of randomization.
The technique of wound closure did not affect the incidence of either wound complication. No difference between transdermal nicotine patch and placebo was found.
DISCUSSION
The incidence of infection and rupture of incisional wounds was significantly higher in smokers compared with never-smokers. Abstinence from smoking reduced the infection rate, but did not affect wound ruptures.
We aimed to identify the optimal abstinence period in habitual heavy smokers to enhance wound healing, and found that 4 weeks of abstinence reduced wound infections to a level similar to never-smokers. This finding suggests that 1 month of preoperative abstinence might be sufficient to reduce postoperative wound infections.
The neutrophil count was higher in smokers compared with never-smokers and decreased after 4 weeks of abstinence. This finding is consistent with other studies, which found a decline in neutrophil count in healthy smokers after 2 and 6 weeks of abstinence. 20, 21 Accordingly, a reduction in neutrophil count in healthy abstinent smokers appears to occur independent of wound infection. We hypothesize that the function and bactericidal activity of neutrophils is modified by smoking and reverted by abstinence, and studies are now in progress. Abstinence from smoking did not affect the incidence of wound ruptures within 12 weeks after smoking cessation. The difference in wound rupture between smokers and neversmokers is consistent with experimental and clinical studies, which have found less collagen production and a higher incidence of postoperative tissue and wound dehiscence in smokers. 9, [22] [23] [24] The fact that no difference in wound rupture between continuous and abstinent smokers was found challenges the hypothesis that tissue hypoxia induced by smoking is the primary cause for reduced collagen production and wound dehiscence in smokers. 5, 9, 22 We did not find any adverse effect on wound infection or rupture by use of transdermal nicotine patches during abstinence. This finding adds to others, which found minor adverse effects like sleep disturbances and nausea to be associated with transdermal nicotine patch. 25 The administered dose of 25 mg of nicotine per day was intended to be equal to the amount of nicotine delivered by smoking 20 cigarettes per day and not lower than the amount delivered by a standard nicotine replacement therapy. 26 The punch biopsy wound healing model has previously been used on the inside of the upper arm and no complica- tions have been reported. 17 In our study, the area lateral of the sacrum below the belt was unexposed to sunlight and was chosen for cosmetic reasons. Each wound healed independent of the previous, which was ensured by the placing and the interval of 4 weeks between the wounds. The punch biopsy wound was covered with a semiocclusive dressing until excision, but potential contamination from the adjacent anal region cannot be excluded. The location of the wounds might have implied considerable traction on the wound edges. Yet, all wounds were applied under identical conditions in all subjects.
In conclusion, healthy smokers have a higher incidence of wound infections and ruptures than never-smokers, and 4 weeks of abstinence from smoking reduces wound infections to a level similar to never-smokers.
